One hundred and twenty-eight patients having carotid endarterectomy under superficial and deep cervical plexus blocks were prospectively audited. The aim of the audit was to determine the incidence of intra-operative and postoperative neurological and cardiovascular complications and to establish patient acceptance of the technique. Twenty-seven patients who had intraoperative neurological changes following carotid artery clamping responded to shunt insertion. Six patients had transient neurological changes after the operation but there were no permanent neurological complications. Tachycardia (55%) and hypertension (67%) were the most common intra-operative cardiovascular changes and there was one clinical postoperative myocardial infarction. Ninety-two per cent of patients who could be adequately assessed preferred to have the same method of anaesthesia for future carotid endarterectomy. The authors concluded that carotid endarterectomy under superficial and deep cervical plexus blocks was associated with a high patient acceptance, low neurological complication rate and an acceptable rate of cardiovascular complications.
There have been multiple reports l -5 of carotid endarterectomy being performed under cervical plexus block in order to observe neurological function during this procedure. This anaesthetic technique has been employed to reduce the incidence of stroke and myocardial infarction after this surgery. Most of the reports review the surgical outcome but pay little attention to the incidence of intra-operative neurological and cardiovascular problems. Carotid endarterectomy has been performed under cervical plexus block in our institution since October 1987 and we have performed a prospective audit of this anaesthetic technique from that time. The aim of this audit was to assess the efficacy of the technique, to establish the incidence of significant haemodynamic and neurological changes during the operation, and in the postoperative period, and finally to assess patient acceptance of the technique.
MATERIALS AND METHODS
One hundred and twenty-eight consecutive patients having carotid endarterectomy under cervical plexus block were included in the audit. Six patients had bilateral carotid endarterectomies and only the first of these operations was included for analysis.
The patients were usually premedicated one hour before anaesthetic preparation with intramuscular papaveretum and scopolamine or if this was inappropriate, oral temazepam. Patients taking anti-anginal and antihypertensive therapy had this continued on the day of surgery. The premedication was supplemented with intravenous diazepam or midazolam, if required, while the cervical plexus block was being performed. Patients received supplemental face-mask oxygen during the performance of the block.
In addition to clinical monitoring, all patients had electrocardiographic monitoring of lead V5 and intra-arterial blood pressure monitoring. Significant changes in cardiovascular parameters were recorded on the Anaesthetic Chart and Audit Form throughout the procedure. Bradycardia was defined as a heart rate ofless than 60 beats per minute, tachycardia as a heart rate of greater than 90 beats per minute, hypotension as a sytolic blood pressure of less than 100 mmHg and hypertension was considered present when the systolic blood pressure exceeded 180 mmHg. When treatment of these changes was considered necessary, bradycardia was treated with intravenous atropine, tachycardia with intravenous atenolol, hypotension with blood volume support and/or intravenous metaraminol and hypertension with intravenous nitroglycerine, or if associated with tachycardia, intravenous atenolol. Deep and superficial cervical plexus blocks were performed using the technique described by Moore. 6 The superficial cervical block was usually performed with lignocaine 1.5% 10-15 ml with adrenaline 1:200,000 and the deep cervical block with 15-20 ml of the same solution. Initially a small number of patients had bupivacaine rather than lignocaine, because of doubts about duration of the block with lignocaine. During the surgery sedation was provided with diazepam, midazolam, or fentanyl and used in doses to preserve patient co-operation. Supplemental oxygen was administered throughout the procedure. Inadequate blocks were supplemented by local infiltration of 1 % lignocaine by the surgeon.
During carotid artery cross-clamping, the conscious state and contralateral grip strength were observed for changes. If changes occurred during a two-minute trial crossclamping, a shunt was inserted. Between postoperative days 3 and 5 the patients were followed up by an independent anaesthetist who recorded the incidence of postoperative hypotension, hypertension, symptomatic myocardial infarction and neurological complications. This information was taken from the patients' clinical notes and from postoperative nursing observations. Patient problems during the operation were recorded and patients were asked if they would have this type of anaesthetic for a similar surgical procedure in the future.
RESULTS
The patients' clinical and demographic data is presented in Table 1 . The majority of patients presented with cerebral embolic problems and some patients had a combination of presenting symptoms. Table 2 lists the preoperative medication: forty-eight patients were taking platelet-inhibiting drugs and four patients were on warfarin. None of these patients developed haematomata as a result of the cervical blocks.
The premedication, dose of local anaesthetic used and the nature of sedation used is shown in Table 3 . No patient required conversion of the anaesthetic to general anaesthesia but the surgeon supplemented the block with local infiltration of lignocaine in fifty patients. This supplementation was usually required for discomfort due to retraction high in the neck wound. One patient had a block supplemented by sedation and low-dose ketamine because of an inadequate block.
Cardiovascular changes occurring during the anaesthesia and operation are recorded in Table 4 . The threshold for treating cardiovascular changes was low because of the desire to achieve optimal myocardial oxygen balance in this group of patients who have a high incidence of clinical or subclinical coronary artery disease. Tachycardia and hypertension were by far the most common changes and these may have been due to anxiety, inadequate block or adrenaline absorption. During the operation 23 patients had a change in conscious state and contralateral grip strength following carotid artery clamping. An additional four patients had decreased contralateral grip strength without a change in conscious state. All of these patients had a shunt inserted to restore the carotid blood flow during the carotid endarterectomy and this reversed the neurological changes. Ten patients had a shunt inserted because of severe bilateral carotid disease even though there was no associated neurological change following carotid artery clamping. Two patients had fits during the surgery, one at the time of the initial carotid cross-clamping and the operation was abandoned. The second had the fit after shunt removal when the carotid artery was clamped and this stopped when a carotid side-clamp was applied. Table 5 shows the postoperative cardiovascular and neurological complications. One patient had a symptomatic postoperative myocardial infarction confirmed by ECG and cardiac enzymes; however, patients did not have routine postoperative ECGs or cardiac enzymes to detect silent myocardial infarction. Six patients had transient postoperative neurological changes. One of these patients had re-exploration and thrombectomy with complete neurological recovery. Another had a transient ischaemic attack because of bilateral carotid disease. No patient had a permanent neurological change and there was no in-hospital death in these patients.
One hundred patients were able to satisfactorily appraise the quality of the anaesthesia. Ten patients could not speak sufficient English for this appraisal and eighteen patients were discharged before review. Ninety-two patients said that they would have the same anaesthetic for a future carotid endarterectomy even though five of these had some pain during the operation, mainly referred to the ear or the angle of the jaw. Eight patients would have preferred general anaesthesia for future carotid endarterectomy but only two of these complained of intra-operative discomfort.
DISCUSSION
This audit confirms the value of awake neurological assessment of patients during carotid endarterectomy.7 Twenty-seven patients (21%) had neurological changes following carotid clamping but all these changes were reversed by shunt insertion. No patient developed permanent postoperative neurological changes, a result that compares favourably with the published incidence of postoperative stroke of 0_4.8%1-5, 8·12 A number of these studies compare general anaesthesia to regional anaesthesia for carotid endarterectomy. Two of the studies 2 ,3 showed no difference and two 1 ,4 showed a difference in the postoperative stroke rate between patients having carotid endarterectomy under regional or general anaesthesia. None of these studies was randomised or prospective so that the question of whether regional anaesthesia is truly associated with a lower incidence of postoperative stroke remains unresolved.
Postoperative myocardial infarction has always been the second most common serious morbid event after carotid endarterectomy. The reported incidence of postoperative myocardial infarction ranges from zero to 5.7%1-5, 8-10, 12-16 but in all these studies only symptomatic myocardial infarctions were reported_ None of the studies has included routine ECG and cardiac enzymes postoperatively in order to detect silent myocardial infarction. In the studies comparing regional to general anaesthesia some report no difference 4 ,5 and others a statistically significant difference l -3 in the postoperative myocardial infarction rate. Again none of the studies was randomised to resolve the question of whether regional anaesthesia for carotid endarterectomy was associated with a reduced incidence of myocardial infarction. Our audit shows that tachycardia and hypertension are quite frequent during carotid endarterectomy under regional anaesthesia and these changes would mean that myocardial oxygen demand may be higher when performed under this form of anaesthesia. The tachycardia and hypertension could be due to anxiety, discomfort during surgery or adrenaline absorption. Our clinical observations do not confirm that any of these consistently cause the problem. The regional anaesthetic technique used consisted of both superficial and deep cervical blocks and yet carotid endarterectomy could be performed under either block. The authors considered both necessary to ensure a high success rate because of the difficulties of carrying out general anaesthesia and endotracheal intubation with an open wound in the neck if the regional block was inadequate. The supplemental local anaesthesia given by the surgeon was usually due to discomfort from traction high in the neck wound where glossopharyngeal innervation occurs. Adrenaline was included with the local anaesthetic to minimise the chance of local anaesthetic toxicity but this may have had detrimental cardiovascular effects in patients with coronary artery disease. Local anaesthetic blood levels will be the subject of a further study. Patient acceptance of the regional technique was high with 92% of patients who could be assessed agreeing to have the same anaesthetic for a future carotid endarterectomy.
The authors conclude that this audit confirmed that the success rate of superficial and deep cervical blocks for carotid endarterectomy is high and that the incidence of poor neurological outcome was low. Intraoperative cardiovascular changes of hypertension and tachycardia may not however reduce the incidence of postoperative myocardial infarction.
